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(54) Regulator built-in semiconductor integrated circuit 

(57) A semiconductor integrated circuit includes an 
internal circuit, a first external power supply connection 
terminal, a regulator, an external control terminal, tran- 
sistors, and a second external power supply connection 
terminal. The internal circuit has first and second oper- 
ation modes. The internal circuit is driven with different 
power supply voltages in the first and second modes. 
An external power supply voltage is supplied to the first 
external power supply connection terminal when at 
least the first operation mode is selected. The regulator 
steps down the external power supply voltage supplied 
from the first external power supply connection terminal, 
and supplies the stepped-down voltage to the internal 
circuit. The external control terminal receives an 
ON/OFF control signal corresponding to the first or sec- 
ond operation mode. The transistors set the regulator in 
an enable/disable state based on the ON/OFF control 
signal supplied from the external control terminal. The 
second external power supply connection terminal 
directly supplies the external power supply voltage to 
the internal circuit when the second mode is selected. 
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Description 

Background of the Invention 

The present invention relates to a semiconductor s 
integrated circuit having a built-in regulator that steps 
down an external power supply voltage and supplies it 
to an internal circuit and, more particularly, to a regula- 
tor built-in semiconductor integrated circuit which can 
be used in both the low-voltage/low-consumption cur- 10 
rent mode and the high-voltage/high-speed operation 
mode. 

Conventionally, semiconductor integrated circuits 
having equivalent functions are provided as different 
chips having different design specifications if they have 15 
different conditions for use, e.g., different current con- 
sumption and a different operation speed. For example, 
a semiconductor integrated circuit which has a low 
operation speed but operates with a low current con- 
sumption has a built-in regulator which steps down an 20 
external power supply voltage and supplies it to an inter- 
nal circuit. In contrast to this, in a semiconductor inte- 
grated circuit which is designed to achieve a high-speed 
operation, its internal circuit is driven by a voltage sub- 
stantially equal to the external power supply voltage, so 25 
that it operates at a high speed. 

If these semiconductor integrated circuits have a 
common function, they often have a common internal 
circuit that achieves a specific function as the semicon- 
ductor integrated circuit. In this case, one semiconduc- 30 
tor integrated circuit can be desirably used in different 
modes under different conditions, i.e., different current 
consumptions and different clock frequencies. 

More specifically, if one semiconductor integrated 
circuit can be used in both the low-voltage/low-con- 35 
sumption current mode and the high -voltage/high- 
speed operation mode, semiconductor integrated cir- 
cuits that can be used in different conditions can be 
manufactured with a common mask. This is preferable 
in terms of the manufacturing process and manufactur- 40 
ing cost as well. Even if the use conditions differ, since 
a common internal circuit is used, common software 
that operates the semiconductor integrated circuit can 
be used. 

Fig. 3 shows the arrangement of a conventional 45 
regulator built-in semiconductor integrated circuit. 
Referring to Fig. 3, a semiconductor integrated circuit 3 
has an internal circuit 34 for receiving data 10 to Ip and 
outputting data 00 to Oq, and a regulator 32 for supply- 
ing power to the internal circuit 34. The regulator 32 is so 
built in the semiconductor integrated circuit 3, and steps 
down an external power supply voltage VDDM, e.g., 5 V, 
which is supplied to an external power supply connec- 
tion terminal 31, to 2.8 V and supplies the stepped- 
down voltage to the internal circuit 34 through an inter- 55 
nal power supply wiring 33. This decreases current con- 
sumption. 

In this arrangement, the semiconductor integrated 



circuit 3 operates with a 6-MH2 clock frequency and,, 
decreases power consumption of the internal circuit 34. 
A terminal 35 is a connection terminal to which a capac- 
itance (capacitor) 36 is connected to stabilize the output 
voltage of the regulator 32. 

Fig. 4 shows the arrangement of the regulator 32 
shown in Fig. 3. Referring to Fig. 4, the regulator 32 is 
constituted by a reference voltage generating circuit 
321 , a comparator 322, an output control transistor 323, 
and an output resistor 324. The reference voltage gen- 
erating circuit 321 generates a reference voltage. The 
comparator 322 compares the reference voltage with 
the output voltage of the regulator 32 and outputs a con- 
trol signal corresponding to a difference between them. 
The output control transistor 323 controls the output of 
the regulator 32 based on the control signal output from 
the comparator 322. The output resistor 324 is con- 
nected in series with the output control transistor 323. 

In the regulator 32 having the above arrangement, 
the comparator 322 compares the output voltage with 
the reference voltage. A difference signal between the 
output voltage and reference voltage drives the output 
control transistor 323 to supply a predetermined voltage 
to the internal circuit 34 through the internal power sup- 
ply wiring 33. An external voltage is supplied to the ref- 
erence voltage generating circuit 321 and comparator 
322 through the external power supply connection ter- 
minal 31. 

In the conventional semiconductor integrated circuit 
3 described above, however, since only the voltage 
which is stepped down by the regulator 32 is supplied to 
the internal circuit 34 through the internal power supply 
wiring 33. an external power supply voltage cannot be 
supplied to the internal circuit 34. Even when the inter- 
nal circuit 34 can be operated at a high speed with a 12- 
MHz clock frequency by supplying, e.g., an external 
power supply voltage 5 V, to it, the semiconductor inte- 
grated circuit 3 having the built-in regulator 32 cannot be 
used in an application that requires a high-speed oper- 
ation with a higher clock frequency. 

This also applies to a case wherein the output volt- 
age of the regulator 32 is variable and the external 
power supply voltage is to be supplied from the external 
power supply connection terminal 31 through the regu- 
lator 32. More specifically, since a voltage drop occurs 
in the output control transistor 323, the external power 
supply voltage of 5 V cannot be directly supplied to the 
internal circuit 34. 

When the external power supply voltage is to be 
directly supplied from the external power supply con- 
nection terminal 31 to the internal circuit 34, a switching 
transistor must be arranged on the line extending from 
the external power supply connection terminal 31 to the 
internal power supply wiring 33. In this case, a power 
capacity W of the switching transistor must be suffi- 
ciently large so that the switching transistor has a cur- 
rent supply ability that can cope with a change in load. 
Then, a large layout area is needed, leading to a large 
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chip size. 

Summary of the Invention 

It is an object of the present invention to provide a 
regulator built-in semiconductor integrated circuit in 
which the same semiconductor integrated circuit can be 
used in different conditions, i.e.. in the low-vbltage/low- 
consumption current mode and in the high-voltage/high- 
speed operation mode without increasing the chip size. 

In order to achieve the above object, according to 
the present invention, there is provided a semiconductor 
integrated circuit comprising an internal circuit having 
first and second operation modes, the internal circuit 
being driven with different power supply voltages in the 
first and second modes, a first external power supply 
connection terminal to which an external power supply 
voltage is supplied when at least the first operation 
mode is selected, a regulator for stepping down the 
external power supply voltage supplied from the first 
external power supply connection terminal and supply- 
ing the stepped-down voltage to the internal circuit, an 
external control terminal for receiving an ON/OFF con- 
trol signal corresponding to the first or second operation 
mode, control means for setting the regulator in an ena- 
ble/disable state based on the ON/OFF control signal 
supplied from the external control terminal, and a sec- 
ond external power supply connection terminal for 
directly supplying the external power supply voltage to 
the internal circuit when the second mode is selected. 

Brief Description of the Drawings 

Fig. 1 is a block diagram of a semiconductor inte- 
grated circuit according to an embodiment of the 
present invention; 

Fig. 2 is a circuit diagram of the semiconductor inte- 
grated circuit showing in detail the regulator shown 
in Fig. 1 ; 

Fig. 3 is a circuit diagram of a conventional regula- 
tor built-in semiconductor integrated circuit; and 
Fig. 4 is a block diagram of the regulator of the sem- 
iconductor integrated circuit shown in Fig. 3. 

Description of the Preferred Embodiment 

The present invention will be described in detail 
with reference to the accompanying drawings. 

Fig. 1 shows a semiconductor integrated circuit 
according to an embodiment of the present invention. 
Referring to Fig. 1, a semiconductor integrated circuit 
101 has an internal circuit 114 for receiving data 10 to Ip 
and outputting data 00 to Oq, and a regulator 112 for 
stepping down an externa! power supply voltage and 
supplying it to the internal circuit 1 14 through an internal 
power supply wiring 1 13. The semiconductor integrated 
circuit 101 further has an external control terminal 116 
for inputting an ON/OFF control signal to the regulator 



112, and two external power supply connection termi- 
nals 1 1 1 and 1 1 5. 

In the regulator built-in semiconductor integrated 
circuit 101 having the above arrangement, when an ON 

5 signal is input to the external control terminal 116, the 
semiconductor integrated circuit 101 operates with a 6- 
MHz clock frequency. When an OFF signal is input to 
the external control terminal 116, the semiconductor 
integrated circuit 101 operates at a high speed with a 

10 12-MHz clock frequency. 

The regulator 112 has control elements (to be 
described later) for turning on/off the regulating opera- 
tion based on the ON/OFF signal input to the external 
control terminal 1 1 6. The external power supply con- 

15 nection terminal 1 1 1 serves for supplying the external 
power supply voltage to the regulator 1 12 when the reg- 
ulator 1 12 is to be used, i.e., in the low-voltage/low-con- 
sumption current mode. The external power supply 
connection terminal 1 1 5 is connected to the output side 

20 of the regulator 112 and directly supplies an external 
power supply voltage VDD (5 V) to the internal circuit 
114 through the internal power supply wiring 1 1 3 in the 
high -voltage/high- speed operation mode. Terminals, 
e.g.. a clock signal input terminal, other than those 

25 described above are not illustrated. 

Fig. 2 shows an example of the semiconductor inte- 
grated circuit showing in detail the arrangement of the 
regulator 112 shown in Fig. 1. Referring to Fig. 2, the 
regulator 112 has a reference voltage generating circuit 

30 1 21 , a comparator 1 22, an output control transistor (Tr1 ) 
123, transistors (Tr2 to Tr4) 125, 126, and 128 serving 
as the control elements described above, an output 
resistor 124, and an inverter 127. The reference voltage 
generating circuit 121 comprises a Zener diode that 

35 generates a reference voltage. The comparator 122 
compares the reference voltage generated by the refer- 
ence voltage generating circuit 121 with the output volt- 
age of the regulator 112 and outputs a control signal 
corresponding to a change in output voltage. The output 

40 resistor 124 is connected in series with the transistor 
123. The inverter 127 is connected to the gate of the 
transistor 1 28. 

The transistor 1 23 comprises a p-type MOS transis- 
tor and controls the output level of the regulator 112 

45 based on the control signal output from the comparator 
122. The comparator 122 compares the output voltage 
of the regulator 1 1 2 with the reference voltage output 
from the reference voltage generating circuit 121 and 
drives the transistor 123 with a difference signal indicat- 

50 ing a difference between the output voltage and the ref- 
erence voltage. With this arrangement, the external 
power supply voltage VDD (5 V) supplied from the 
external power supply connection terminal 111 is 
stepped down to 2.8 V and is supplied to the internal cir- 

55 cuit 1 1 4 through the internal power supply wiring 113. 

The transistors 125 and 126 respectively comprise 
enhancement type MOS transistors, the gates of which 
receive an ON/OFF control signal output from the exter- 
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nal control terminal 116, and are connected to the 
power supply lines extending from the external power 
supply connection terminal 1 1 1 to the reference voltage 
generating circuit 121 and comparator 122, respec- 
tively. The transistors 125 and 126 serve as switching 
elements and turn on/off power supply to the reference 
voltage generating circuit 121 and comparator 122, 
respectively, in accordance with the ON/OFF control 
signal input to their gates through the external control 
terminal 116. 

With this arrangement, when an "L" level signal is 
given to the external control terminal 1 16 as the ON sig- 
nal, the two transistors 125 and 126 are turned on to 
supply power to the reference voltage generating circuit 

121 and comparator 122, respectively. The comparator 

122 is turned on, i.e., is set in the enable state. When an 
"H" level signal is supplied to the external control termi- 
nal 116 as the OFF signal, both the transistors 125 and 
126 are turned off to cut power supply from the refer- 
ence voltage generating circuit 121 and comparator 
122, respectively. As a result, the regulator 112 is 
turned off, i.e., is set in the disable state. 

The transistor 1 28 comprises an NMOS transistor, 
the gate of which receives the ON/OFF control signal 
supplied from the external control terminal 1 16 through 
the inverter 127, and is connected in series with an out- 
put circuit consisting of the transistor 123 and output 
resistor 124 at the output stage of the regulator 1 1 2. 

With this arrangement, when an ON signal, i.e., an 
"L" level signal, is input to the external control terminal 
1 1 6, the transistor 1 28 is turned on to constitute the out- 
put circuit of the regulator 112. When an OFF signal, 
i.e., an "H" level signal, is input to the external control 
terminal 116, the transistor 128 is turned off. Accord- 
ingly, when power supply to the reference voltage gen- 
erating circuit 121 and comparator 122 is cut by the 
OFF signal input to the external control terminal 1 16 to 
set the regulator 112 in the disable state, the transistor 
128 cuts the current flowing from the external power 
supply connection terminal 1 1 1 to the GND through the 
output control transistor 123 (Tr1) and the resistor (R) 
124. Simultaneously, the transistor 128 also cuts the 
current flowing from the external power supply connec- 
tion terminal 115 to the GND of the regulator 112 
through the internal power supply wiring 113. 

The semiconductor integrated circuit 101 having 
the above arrangement can be used both in the low- 
voltage/low-consumption current mode and the high- 
voltage/high-speed operation mode by inputting the 
ON/OFF control signal to the external control terminal 
116 to selectively set the regulator 112 in the ena- 
ble/disable state. 

This will be described in detail. When the semicon- 
ductor integrated circuit 101 is to be used in the low-volt- 
age/low-consumption current mode, an ON signal is 
input to the external control terminal 1 16 to set the reg- 
ulator 1 12 in the enable state. Then, the external power 
supply is connected to the external power supply con- 



nection terminal 111. The regulator 1 12 steps down thQ, 
external power supply voltage VDD (5 V) input through 
the external power supply connection terminal 111 to 
2.8 V and supplies it to the internal circuit 114 through 

5 the internal power supply wiring 113. At this time, the 
internal circuit 114 operates with a 6-MHz clock fre- 
quency, so that the current consumed by the semicon- 
ductor integrated circuit 101 decreases. 

When the semiconductor integrated circuit 101 is to 

10 be used in the high-voltage/high-speed operation mode, 
an OFF signal is input to the external control terminal 
1 16 to set the regulator 1 12 in the disable state. Then, 
the external power supply is connected to the external 
power supply connection terminal 111 and external 

15 power supply connection terminal 115. The external 
power supply voltage VDD is directly supplied from the 
external power supply connection terminal 1 1 5 to the 
internal circuit 114 through the internal power supply 
wiring 113, and the internal circuit 114 operates at a 

20 speed with a 12-MHz clock frequency. 

At this time, the external power supply voltage is 
supplied to the external power supply connection termi- 
nal 111 as well in order to eliminate a potential differ- 
ence between the source and drain of the output control 

25 transistor 1 23 in the regulator 1 1 2, so a current does not 
flow from the external power supply connection terminal 
115 to the external power supply connection terminal 
111. 

The external power supply connection terminal 115 
30 is connected to the internal power supply wiring 113, 
i.e., to the output of the regulator 112. Therefore, a 
capacitance 117 that stabilizes the output voltage of the 
regulator 1 1 2 can be connected to the external power 
supply connection terminal 115, as shown in Fig. 1. 
35 More specifically, the external power supply connection 
terminal 1 15 can also serve as a connection terminal to 
which an output voltage stabilizing capacitance is con- 
nected. 

At this time, the external power supply connection 

40 terminal 1 1 5 can be connected to the output stabilizing 
capacitance 117 not only in the low-voltage/low-con- 
sumption current mode where the regulator 1 12 is set in 
the enable state, but also in the high-voltage/high-speed 
operation mode where the regulator 1 1 2 is set in the 

45 disable state. In this case, the output stabilizing capaci- 
tance 1 1 7 serves as a bypass capacitor between the 
external power supply and GND 

Since the transistors 125, 126, and 128 arranged 
as the switching elements of the regulator 112 do not 

50 supply any current to the internal circuit 114, they need 
not have a large power capacity W. As a result, a large 
layout area is not required, and the chip size of the sem- 
iconductor integrated circuit 101 does not increase. 
In the above description, although the clock fre- 

55 quency in the low-voltage/low-consumption current 
mode and that in the high -voltage/high-speed operation 
mode are respectively 6 MHz and 1 2 MHz, the clock fre- 
quencies are not limited to them when practicing the 
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present invention. 

Although the description was made by setting the 
regulation voltage supplied by the regulator 112 to the 
internal circuit 1 14 to 2.8 V, the regulation voltage in the 
low-voltage/low-consumption current mode of the semi- 
conductor integrated circuit according to the present 
invention is not limited to this. 

As has been described above, according to the 
present invention, the semiconductor integrated circuit 
having one built-in regulator can be used in different 
modes, i.e., in the low-voltage/low-consumption current 
mode and in the high-voltage/high-speed operation 
mode by switching. Therefore, one type of common 
semiconductor integrated circuit can be used for a plu- 
rality of products having, e.g., different operation 
speeds. 

Different types of integrated circuits need not be 
designed and fabricated in accordance with the condi- 
tion for use, i.e., in accordance with the modes. Since 
these integrated circuits can be fabricated with one 
mask, the manufacturing cost of the regulator built-in 
semiconductor integrated circuit can be decreased. 
Since a common internal circuit can be used, common 
software can be used, thus decreasing time and cost 
required for development of the software. 

The external power supply connection terminal for 
directly supplying the external power supply voltage to 
the internal circuit can also serve as an output voltage 
stabilizing capacitance connection terminal. When com- 
pared to the conventional regulator built-in semiconduc- 
tor integrated circuit, the number of terminals, excluding 
the external control terminal, is not increased. 

Since the control means for turning on/off the regu- 
lator does not require a transistor having a large power 
capacity, i.e.. a large W, a regulator built-in semiconduc- 
tor integrated circuit that can be used in different operat- 
ing conditions can be provided without increasing the 
chip size. 

Claims 

1 . A semiconductor integrated circuit characterized by 
comprising: 

an internal circuit (114) having first and second 
operation modes, said internal circuit being 
driven with different power supply voltages in 
the first and second modes; 
a first external power supply connection termi- 
nal (111) to which an external power supply 
voltage is supplied when at least the first oper- 
ation mode is selected; 

a regulator (1 12) for stepping down the external 
power supply voltage supplied from said first 
external power supply connection terminal and 
supplying the stepped-down voltage to said 
internal circuit; 

an external control terminal (1 16) for receiving 



an ON/OFF control signal corresponding to the 
first or second operation mode; 
control means (125, 126, 128) for setting said 
regulator in an enable/disable state based on 

5 the ON/OFF control signal supplied from said 

external control terminal; and 
a second external power supply connection ter- 
minal (115) for directly supplying the external 
power supply voltage to said internal circuit 

10 when the second mode is selected. 

2. A circuit according to claim 1 , wherein said second 
external power supply connection terminal is con- 
nected to an output of said regulator so that an out- 

is put voltage stabilizing capacitance is selectively 
connected thereto. 

3. A circuit according to claim 1 , wherein said control 
means comprises 

20 

first switching means (125, 126), connected to 
a supply line of the external power supply volt- 
age which extends from said first external 
power supply terminal to said regulator, and 
25 turning on/off based on the ON/OFF control 

signal supplied from said external control ter- 
minal, and 

second switching means (128), connected in 
series with an output resistor (124) on an out- 
30 put stage of said regulator, and turning on/off 

based on the ON/OFF control signal supplied 
from said external control terminal. 

4. A circuit according to claim 3, wherein 

35 

said first switching means turns off and stops 
power supply from said first external power 
supply connection terminal to said regulator 
when the ON/OFF control signal supplied from 
40 said external control terminal is an OFF signal, 

and 

said second switching means turns off and cuts 
a current flowing from said second external 
power supply connection terminal to said regu- 
45 lator when the ON/OFF control signal supplied 

from said external control terminal is an OFF 
signal. 

5. A circuit according to claim 3, wherein 

50 

said regulator comprises 
a reference voltage generating circuit (121) for 
generating a reference voltage from the exter- 
nal power supply voltage supplied from said 
55 first external power supply connection terminal, 

a comparator (122) for comparing an output 
voltage of said regulator with the reference volt- 
age output from said reference voltage gener- 
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ating circuit and outputting a control signal in 
accordance with a comparison result, and 
an output control first transistor (123) for con- 
trolling a current flowing through said output 
resistor in accordance with the control signal s 
output from said comparator, and 
said first switching means comprises 
a second transistor (125) connected to a power 
supply line extending from said first external 
power supply connection terminal to said refer- 10 
ence voltage generating circuit, and 
a third transistor (126) connected to a power 
supply line extending from said first external 
power supply connection terminal to said com- 
parator. 75 

6. A circuit according to claim 3, wherein 

said first switching means comprises a PMOS 
transistor, and 20 
said second switching means comprises an 
NMOS transistor 

7. A circuit according to claim 1 , wherein said first and 
second external power supply connection terminals 25 
are supplied with an external power supply voltage 
when the first operation mode is selected. 

8. A circuit according to claim 1 , wherein said internal 
circuit has the first operation mode comprising a 30 
low-voltage/low-consumption current mode and the 
second operation mode comprising a high-volt- 
age/high-speed operation mode. 

35 
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(54) Regulator built-in semiconductor integrated circuit 

(57) A semiconductor integrated circuit includes an 
internal circuit, a first external power supply connection 
terminal, a regulator, an external control terminal, tran- 
sistors, and a second external power supply connection 
terminal. The internal circuit has first and second oper- 
ation modes. The internal circuit is driven with different 
power supply voltages in the first and second modes. 
An external power supply voltage is supplied to the first 
external power supply connection terminal when at 
least the first operation mode is selected. The regulator 
steps down the external power supply voltage supplied 
from the first external power supply connection terminal, 
and supplies the stepped-down voltage to the internal 
circuit. The external control terminal receives an 
ON/OFF control signal corresponding to the first or sec- 
ond operation mode. The transistors set the regulator in 
an enable/disable state based on the ON/OFF control 
signal supplied from the external control terminal. The 
second external power supply connection terminal 
directly supplies the external power supply voltage to 
the internal circuit when the second mode is selected. 
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